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LIST OF DEFINITIONS AND SYMBOLS
AIDE - Nurse Aide.
Current Status - The difference between the available staff-days
and the required staff-days per skill level per
shift per schedule.
D - An assignment made to the day shift.
E - An assignment made to the evening shift.
FTSDA - The number of full time staff-days available per shift
per skill' level per schedule.
LPN - Licensed practical nurse.
N

-

An assignment made to the night shift.

PTSDA - The number of part time staff-days available per shift
per skill level per schedule.
RN - Registered nurse.
SDR - The number of staff-days required per skill level per shift
per schedule.
status - The difference between the available staff-days and the
required staff-days without regard to shift within a
skill level.
Unit Status - The difference between the available staff-days and
the required staff-days without regard to skill level
or shift.
X - 1) on the schedule, X signifies a day off.
2)

on the position control chart,
needed.

X

signifies a position not

INTRODUCTION AND REVIEW OF THE LITERATURE
Since the early 1900's, management has hired industrial
engineers to reduce costs and conserve human and material resources.
The industrial engineer is thus involved in management decision
making and has traditionally provided answers to management questions
concerning these resources.

The developnent of statistical methods

and, later, the use of the computer has enabled the industrial-engi
neer to take a scientific approach to the solution of management
problems which previously had been part of the "art" of management.
SU.ch computer techniques as simulation and data-driven reporting sys
tems have broadened the scope of Industrial Engineering in its ability
to assist in management decisions.
Industrial Engineering was first associated with hospitals in
the early 1900's.

Frank Gilbreth, one of the founders of Industrial

Engineering, became interested in the area of surgery early in his
career.

His movies of surgical teams show his efforts to improve

surgical practices.
From the completion of Mr. Gilbreth's work in 1913 until the
early 1950's, the use of industrial engineering in hospitals was
essentially non-existent.

This lack of interest in hospital applica

tion was due to two factors.

First, the nature of the work in

hospitals is basically non-repetitive and, therefore, does not lend
itself easily to the earlier Industrial Engineering techniques.
Secondly, the hospital traditionally concerns itself with service
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before profit and thus the conservation of resources is not held to be
as critical as it is in the industrial situation.
Developnents in recent years have altered the attitude of
hospital.administrators concerning productivity, profit and conserva
tion of resources; i. e. cost control. Rising costs and their adverse
effect on public relations and third party coverage of payments have
increased the tendency of hospital-administrators to turn to the
industrial engineer for assistance.

This change in attitude has given

the field of Industrial :Engineering an ever-increasing role in hospital
management since 1950.
The industrial engineer who chooses to work in a hospital is
faced with more employee attitude problems than his industrial counter
part.

He may find that the employees concerned directly with patient

care are motivated into the field of health care because they feel,
and rightfully so, that they are performing a humanitarian service.
The industrial engineer may find that this attitude contributes to the

difficulty of implementing improvements in health-care systems.
Patient care staff feel that they have already made sacrifices in
choosing this vocation and feel that system changes are additional
sacrifices.

If these employee attitudes are influential in management

decision mald.ng, the result is management control by the employee.
The fact that management does not carry out the necessary changes when
they are needed is indicative of a lack of managerial control.

Indus

trial Engineering changes suggested for hospital systems are more
difficult to implement under these conditions.

The need for managerial
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control becomes an obvious preliminary step in the implementation of
cost saving changes.
An analysis of hospital costs will show that approximately 70% of
the operating cost can be attributed to staff salaries.

This high per

centage makes the effective use of staff a primary consideration in the
task of controlling costs.

The effective use of staff deals with two

broad areas: 1) staffing requirements and 2) position control and
scheduling.
·It is not surprising, then, to find that numerous investigators
have established criteria for good schedules 1 and have developed

scheduling techniques using these criteria (1, 2, 3, 4, 5, 6, 7 , 8).

Foremost among these investigators are Bartscht (8), Livengood (5),
and Frances (2).

Most of the scheduling techniques cited in the literature have
been developed for use on nursing units.

These units ·have been the

object of these scheduling procedures because the nursing department
is the single largest contributor to the staff salary cost figure.
The nursing service department's primary function is patient
care.

The effectiveness of this care is generally expressed in the

nebulous phrase "the quality of patient care".
There are those who measure the quality of care by the number and
qualifications of the staff who provide this care.

Theoretically,

then, the highest quality of care would result from one or more nursing
staff of the highest qualifications being assigned to each patient
lThe term schedule refers to the assignment of staff
to a workload.
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twenty-four hours a day.
made by Jelinek

Investigations into this theory have been

(9) and Schndeding (10). The results of their studies

indicate that there is a point of diminishing returns in staffing a
nursing unit and that the amount of patient care does not increase
indefinitely as more and better qualified nursing time is made
available.
A measure of the quality of patient care should account for this
point of diminishing returns.

Such a measure would suggest that there

is an optimum combination of nursing service skill levels that will
provide the desired level of care.

This desired level of care, stated

in terms of a combination of nursing service skill levels, could be
used as the input to a systematic scheduling procedure.
Scheduling can be accomplished on the nursing unit or performed
by a centralized staffing function.

The schedule planned by a head

rru.rse places the staff members more effectively with respect to their
abilities than that completed by a staffing clerk.

However, the

schedule planned on the unit is made at the expense of valuable nursing
time and without knowledge of the needs of other units.

Centralized

staffing relieves the head nurse for nursing duties and enables the
scheduler to plan the schedule for and consider the needs of all units
simultaneously.
Scheduling may be approached from either a' systematic cyclic
procedure or an unsystematic, short-range procedure.
The short-range schedule covers a relatively short period of time
and schedules the staff unsystematically to fill the required positions.
Scheduling in this manner has no particular system or specification
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except that the resultant schedule must cover all the required
A systematic

positions in the time period under consideration.

approach to scheduling is provided with a cyclic procedure .
The short-range approach to the scheduling problem has numerous
disadvantages.

The staff involved in this schedule are not aware of

their working hours 1 until the schedule is posted.

This lack of

information makes it difficult for-them to plan their personal lives
and, therefore, leads to a large number of special requests making the
scheduling process even more difficult.

The sta.f.f are scheduled to

work as the need arises without regard to systematic rotation between
shifts2 or a set weekend-off sequence.

They are told that they are

working these hours because "It's the only way it will work out this
time. " Unfortunately, in many cases, the next schedule is no improve
ment over the previous one.

The short-range schedule is .felt to

contribute significantly to the turnover problem
oritism.

and

encourage .fav

The completed schedule may .find excess staff on some shifts

with part time personnel providing coverage on other shifts.
The cycle schedule considerably eases many o.f the above problems
o.f scheduling.

This schedule can be extrapolated into the .future,

thereby enabling the staff member to know her working hours well in
advance.

The schedule is stable .from one cycle to the next and the

sta.f.f members can visually verify that all persohnel are being treated
alike with respect to weekends of.f and time spent on the undesirable
lThe phrase working hours is hospital jargon and refers to
the shift assignments and days off of an individual sta.ff member.
2The term shift is used in this text to mean one of the
three 8 hour working periods in a 24 hour day.
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shifts.

A number of hospitals have implemented cycle schedules

successfully and are pleased with the results (2, J, 4, 5, ?) •
A scheduling procedure which provides no means of controlling
the number of staff assigned to a particular area on a particular shift
is said to be lacking "position control".

The use of this phrase in

the context of this work will carry the following definition: position
control is the balance between the-workload requirements of the area
and the staff available to fill these requirements.
Review of Literature
Cycle scheduling has been developed by a number of investigators.
Hayden (1) , working with a different weekend-off sequence for day,
evening and night shifts, has developed a six week cycle schedule _which
integrates all eleven of her individual worldng plans.

Of particular

interest are the plans which give a two day weekend and eighty hours
of working time in each two week period.
Frances (2), who apparently was not restricted by a set weekend.
off sequence, has developed a seven week cycle schedule which allows for
either two or three day weekends.

She also discusses a method for

determining the total number of staff required to staff the unit on
a 24 hour per day, seven day per week basis.

This method is given by:

X = D/W
where:

X = number of staff required.
D = sum of coverages required for each day of the week.
W = number of working days per week per staff member.
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stryker (4) talks generally of master schedules and specifically
of the need for some systematic scheduling procedures to be used as a
framework for planning the working hours of the staff.

She also points

out that the procedure and pattern must be developed to use the availa
ble personnel since a full complement of staff is rare.

This article

points out the need and proposes a general solution but does not go
into detail on the specific solution of the problem.

Livengood (5) deals directly with the problem of cycle scheduling

and indirectly with establishment of positions and the determination of
the number of personnel required.

He suggests a three step approach to

effective scheduling: 1) Determine the actual workload for the area in
question.

2) Determine the number and sld.11 levels of the staff neces

sary to cover the workload. 3) Establish the schedules.
Livengood's article provides tabular information regarding the
number of staff required to provide continuous coverage on a straight
shift basis.

A number of examples of cyclic schedules for various

situations are discussed but without an indication of a set weekend-off
sequence or of applicable employment laws.
Eng (6) discusses a non-centralized scheduling system which uses
an employee request book and a master staffing plan on the unit level.
The requests for special days off are made in writing and signed and
..
dated in the request book. This practice allows·all the staff members

on the unit to read all previous requests and, as a result, provides an

effective in-group control.

The scheduler uses this book to modify the

schedule for the next period and grant or refuse requests on the basis
of past frequency of requests as well as present nursing care demands.
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Patten (7) , whose weekend restriction consisted of two weekends
off in seven, outlines a plan for scheduling of working hours up to two
years in advance.

He did not elaborate on how this was done or how

adjustments were made for turnover or for vacations.
Bartscht (8) introduced an analytical approach to the scheduling
problem.

He was interested in improving an existing master scheduling

pattern which had been established for high, medium and low census
levels.

The problems which evolved from the staffing pattern were

pointed out and a possible solution given for each.

Of particular

interest in these solutions are the concepts of "float nurses" and
of maintenance of similar wards at constant census levels.

The

"fioat nurse" is one who is able and willing to work on different wards
as the need arises.

The object of Bartscht's endeavor was to control

the variability in the work load by restricting the major variations
in the census level to one unit and providing adequate patient care
through the use of float nurses.

Bartscht also states that an occa

sional overstaff situation resulting from his method of cycle
scheduling has proven to be effective in filling vacancies caused by
employee absence.

He reports a savings in one hospital of in excess

of $26, 000 annually through elimination of nonproductive hours.
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STATEMENT OF THE PROBLEl1

A review of the literature indicates that previous studies have
not provided an effective scheduling technique which will comply both
with the restrictions of a set weekend-off sequence and of modern
employment laws.

Most hospitals are required to comply with the wage

and hour laws of their state and, therefore, must schedule within this
restriction.

In a large number of cases, the hospital and the staff

members have agreed upon some set weekend off sequence, thus placing
an additional restriction on the scheduling procedure.
The concept of position control is not mentioned in the
literature.

Preliminary investigation by this author has shown that

there is a great need for a method to control the balance between the
man-hour requirements and the man-hour availability in hospital working·
environments.

The need is especially urgent in areas _which require 24

hour per day, 7 days per week coverage.

Carrying this concept further,

the position control procedure assures that the available man-hours are
utilized. in required positions in an economic manner on a day by day,
shift by shift basis.
A systematic scheduling and position control procedure, as
defined above, are essential for the effective use of staff and, hence,
f� r the economic operation of the institution.

This study proposes to develop a procedure to accomplish the

foll owing:
1.

Establish the requirements on the unit.
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2.

Determine the unit status by com.paring the man-hour
requirements with the man-hour availability on that unit;

3. Provide a simple, understandable means of communicating
out of balance situations to higher management.
4.

Develop a systematic procedure for cyclic scheduling of
the working hours of the staff.

5. Provide a procedure for the effective utilization of the

available staff as per the schedule in the required posi

tions on a day by day and shift by shift basis.
6.

Develop a means of communication between the staffing
function and the personnel department for maintenance of
the required position control.

7. Design all the necessary forms to accomplish the above
objectives.
8.

Reduce the technique to a set of simple, understandable
instructions for use by the staffing function and the
personnel department.

The scope of the study is limited by the following peripheral
considerations which were not dealt with because of the time element
involved.
1.

Speci:fic employment laws.

2.

Management methods used to correct out· of balance situations.

J.

Vacation cov_erage.

4.

Personnel problems which may be encountered in procedure
implementation.
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THE UNIT STAFFING BALANCE SHEET

The developnent of an effective schedule and position control
procedure for hospital personnel begins with an analysis of the
workload as a guide to selecting staff requirements ! .

The workload

analysis may be as thorough as a complete motion and time study or
as simple as an evaluation of the requirements for the unit based
on �anagement•s empirical knowledge of the workload.
methods have definite costs associated with their use.

Time study
In repetitive

operations, such as found in industry, an analysis which provides the
accuracy obtained with motion and time study is found to be profitable.
However, in non-repetitive situations, such as those characteristic
of hospital work, an accurate time for each element of each job is
meaningless.
The staff requirements which are established by non-quantitative
procedures are_open to bias.

If staff requirements are the result of

a management decision, the validity of the decision can be maximized
by specifying that it be determined by a committee of people from
various management levels.

As might be expected, different levels

of management have different viewpoints of the staffing problem and
each-would like to see the unit staffed in accordance with his views.
For example, some area supervisors would like to� see as many people
as possible assigned to their areas.

On the other hand, higher

istaff requirements refers to the number of people in each skill
level required on each shift.
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management sees the area in relation to the cost statistics produced by
the accounting department and tries to relate these to previous costs.
When used together, the effect of these two biases may be to reach a
point of compromise which both groups feel is acceptable but not ideal.
-The results of the final decision can be expressed by a
combination of skill levels required per shift.
For this study, the staff requirements were set by management
decision.

The results, however, can be applied equally well to

staff requirements which ·have been set on the basis of an extensive
motion and time study or any other method.

The methodology uses the

staff requirements as part of the input to the technique and develops
the procedure from this point.
For the given input staff requirements, the first step is the
calculation of the "unit status" which is the balance between the
required staff-days1 and the available staff-days during a specified
period of time.

This period of time is arbitrary and will be here-

after referred to as the schedule length.

Generally the schedule

length is dictated by the weekend-off sequence and the particular
employment laws and policies applicable to the institution.

A

schedule length of six weeks has been found to be satisfactory for
situations where the weekend-off sequence is either every.third or
every other weekend of'f in hospitals with two week pay periods.
1A staff'-day rs defined as one eight hour shift worked
by one staff member.
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When the schedule length has been chosen, the analysis of the
status on a unit �s begun by calculating the number of staff-days
required (SOR) per shift per skill level for the length of the
schedule.

This quantity is computed from:
m
SDR = LLniPi
i=1

where:

(1)

SDR = the number of-staff-days required.
L = the length of the schedule in weeks.
P1= the number of staff of that skill level required
·on the selected shift for that day.
Di= the mnnber of days per week P i people are
required.

· m= the number of different requirements per week.
If the daily shif't requirements do not change during the work week, the
above equation simplifies to:
SDR = 7PL

(2)

The·number of staff-days available to cover each position is
determined by calculating the availability of the full time and part
time staff.

The number of full time staff-days available for each

skill level w.ithin each shift is computed using the relation:
FTSDA. =
where:

FTSDA = full time sta.£f-days available per schedule per

t
23307G

L_ 5L/Ri

i=1

shift per skill level.
= length of the schedule in weeks.

SOUTH DAKOTA STATE U IVERSITY LIBRARY
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R1
n

=

number of shifts the staff member rotates to.

=

number of staff who could work on this shift
if required to do so.

If l½, is ·constant for all staff, Equation (3) can be simplified to:
FTSDA = (5L/Ri)n
=

The purpose of Equations

5Ln/Rj_

(4)

(3} and (4) is to distribute the

available full time staff-days among the shifts in some systematic
manner.

The Rj_ parameters of these equations divide the staff-days

of the full time staff equally among the shifts on which the staff
member works.

If a staff member is worldng straight shift, the �

parameter in Equation (3) is equal to one as all of her staff-days are
worked on one shift.

This equal division of staff-days among shifts

is a preliminary consideration.

If the requirements on the evening

and night shift are reduced by straight shift personnel, some of the
staff-days assigned to these shifts by Fquations (3) and (4) may be
moved to a more desirable shift.
The staff-day contribution by the part time staff who are
assigned to the unit is obtained by counting the number of staff-days
worked by each part time staff member during the schedule.

These

numbers can then be summed within the shift and the total contribution
placed on the Balance Sheet adjacent to the appropriate skill leve l.
This number is defined as the part time staff-days available (PTSDA)
for that sld.11 level on that shift.

15

The current status of each skill level within each shift is
computed by subtracting the staff-days required from the sum of the
ful.l ti.me and part time staff-days available in that skill level, or
Current status

=

(5)

FTSDA. + PTSDA - SDR

A negative value in the current status for a skill level 'Within
a shift indicates a shortage, while, conversely, a positive value
indicates excess staff of that skill level on that shift.

The

"Current status" numbers represent the number of staff-days short or
long for the length of the schedule and can be adjusted to balance
between shifts if the adjustments comply with e:>dsting personnel
policies.

The computations described by equations (1) through (5) are

entered in the appropriate blocks on the Unit Sta:ffing Balance Sheet
shown in Figure 1.
The unit status is obtained through the algebraic sum of the
"Current status" numbers.

The unit status can be converted to a

number of equivalent full time staff by the relation:
F,quivalent Full Time Staff

=

Unit Status/5L

(6)

For most staff, the order of desirability of shift assignments
is days, evenings, and nights, where the night shift is the most
undesirable.

In many instances, the evening and night shift

requirements are less than the day shi:rt requirement.

I:r this is
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UNIT srAFFING BALANCE SHEET

UNIT________
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GRAND

TOTALS

Figure 1. -Unit staf.fing Balance Sheet
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true, then an excess of personnel may exist on the evening and night
shifts when preliminary distributions of staff-days have been made.
These excess staff-days can be eliminated by adjusting the FTSDA
and/or the PTSDA to force the current status to zero.

These staff

days are moved towards the day shift, filling all deficits that
exist.

For example, if the current status for a skill level on the

night shift was positive, the excess staff-days may be moved to the
evening shift if its current status for that skill level is negative.
Ii" the current status for that sld.11 level is positive on evenings
also, the excess £rom both the evening and night shifts is moved to
the day shift.

This may create an excess on the day shi:ft, which is

then classi£ied as an overstaf£ condition.

It should be emphasized

that the staff-days that are involved in the move must belong to
either rotating £ull time staff or part time staf£ who are willing
to work on the shift to which the move is made.
Figure 2 represents a Unit staf£ing Balance Sheet £or a nursing
unit.

The original numbers were computed by using Fiquation

J.

The reduction of the "Current status" numbers on the evening
and night shifts to their present values has been accomplished by
moving staff-days toward the day shift as explained above.
The amount of excess or shortage on a unit can also be obtained
from the "Totals" table at the bottom of the Balance Sheet.

Compari

son 0£ the total number of staff-days available and the total number
of staff-days required for the skill level without regard to shift
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UNIT SfAFFING BALANCE SHEET
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Figure 2.
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in the "Totals'' table lv:i.11 determine the excess or shortage of staff
days for that skill level on this unit.

Note that the Balance Sheet

in Figure-2 shows an excess of RN and LPN staff-days and a considerable
shortage of aide staff-days.

Operation of this unit under these condi

tions results in the use of the excess RN and LPN staff to fill the
aide positions, at obvious extra cost to the institution.
If the institution allows the down grading of skill levels to
fill lower positions, the same moving technique can be applied by
trying to place the excess in the original skill level and then in the
optional skill levels as the excess progresses toward the day shift.
When this process occurs, the Balance Sheet provides an excellent means
of obtaining the extra cost which can be attributed to the practice of
using skill levels in a lower capacity than their salary structure
would dictate.

It should be noted that the RN and LPN statuses in

Figure 2 are +114 and +12 respectively, while the Aide s· tatus is -240
on the day shift and -78 on the evening shift.

Since the unit status

is negative, it is obvious that this unit is using the higher paid RNs
and LPNs to fill some of the lower paid aide positions.

Comparison of

the total available vs total required numbers in the "Totals" table
will give an indication of the a.mount of adjustment possible between
skill levels.
The Balance Sheet summarizes the entire st�f situation on the
unit with emphasis on the balance of position requirements vs
availability for the institution.
The Unit staffing Balance Sheet finds considerable use in
position control.

The "Totals" table gives the personnel director
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the exact number of staff-days that each sld.11 level is out of balance.

After accounting for sickness and vacations, this information should
influence the hiring policies for this unit.

The Balance Sheet should

be kept up to date as attrition wears away at the overstaff situations
and

new employees make up shortages in the requirements.
The position control for nursing throughout the hospital can be

obtained by completing a Balance Sheet for the whole hospital for each
skill level.
time.

These sums can be plotted on a graph of staff-days vs

The total required will remain constant and therefore appear on

the graph as a straight line parallel to the time axis.
available will fluctuate lrl.th attrition

and

be made for each sld.11 level for clarity.

hiring.

The total

One graph should

Examples of these graphs can

be found in the appendix.
The position control for the entire hospital may suggest
balancing under

and

over staff situations on different units by the

transfer of personnel.

If the status of a skill level is positive on

the hospital level while some units show a shortage, the individual
Unit Balance Sheets will readily show where changes can be made.
Position control can also be maintained in conjunction with the
individual working-hours schedule.

This combined procedure is per

formed on the Unit Master Cycle Schedule blank shown in Figure

J.

This form provides for position control as the worldng hours are
scheduled, since the lower half of the form has provision for a
listing of the positions to be filled.

As the working days are

U N I T M ASTE R C Y C L E S C H E D U L E

S CHE D U L E O F W OR K I N G H O U R S

PE RSON N E L

SM TWTF S S M T WTF S S MTWT F SS M TWT F S S M TW T F S S M T W TF �

I

P O S I TI O N C O N T R O L C H A R T

PO SITI ON TITLE

Figure

J.

Unit Ma ster Cycle Schedule - Blank

.I:\)

22

assigned in the schedule, a corresponding mark is placed in the grid
of the Position Control Chart at the intersection of the position
filled and the day of the schedule.

If' the Position Control Chart

on the Unit Master Cycle Schedule is updated simultaneously with the
scheduling procedure, it is impossible to assign two staff members
to fill the same position on the same day.
The positions should be listed by shift for clarity, and space
should be provided between shifts for at least one grid line to be
labelled "Extra".

The "Extra" position is provided for use in the

initial implementation of the technique when the probability of
having a positive unit status is high.
As attrition eliminates the excess in various skill levels, the
unit status should approach zero.

The "Extra" position is no longer

needed when the unit status is zero or negative and should be
dropped from the form at this point.
The completed Position Control Chart at the bottom of the Unit
Master Cycle Schedule provides visual verification that all positions
have been filled when the schedule is complete.

If an overstaff con

dition exists, i. e� the unit status is greater than one, a mark or
marks will appear in the "Extra" position on the chart.

If the unit

is understaffed, i . e. the unit status is less than one, the completed

schedule will re sult in unfilled positions on various days during the
schedule.

The location of these holes will enable management to

determine the location of the staffing needs which will bring the
unit up to the de sired level of patient care.
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THE UNIT MASTER CYCLE SCHEDULE
The Cycle Schedule is also based on the results of the Balance
After all necessary adjustments have been made on the

Sheet.

Balance Sheet, the numbers in the "Full Time Available" column
essentially become the requirements from the full time people when
the world.ng hours schedule is made.

This requirement is divided

equally among the rotating full time staff . after the subtraction of
any straight shift peopl� on this shift.

The equal division gives

the mnnber of staff-days required from each full time rotating staff
member for the length of the schedule.
The geometry of the schedule is highly dependent upon the
particular unit situation, i. e. , the number of full time staff
assigned in each sld.11 level and the quantity of these staff worldng
straight shift.

However, there are some basic guidel:l.nes 'Within which

the scheduler should work.

These guidelines -will be developed through

out this chapter.
The approach to position control am cycle scheduling described
herein necessitates obtaining the following preliminary information.
1.

The 'W8ekend-off sequence of each sld.11 level.

2.

The desired maxi.mum length of consecutive working days
between days off.

3.

The approximate number of staff-days required of each skill
level on each shift.

This information can be obtained by interviewing the staff and complet

ing a Balance Sheet for the unit . in question.
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The length of the schedule should be some multiple of the length
chosen on the Balance Sheet to allow for easy transposition of
information between the two forms, preferably the same length.
The initial weekend-off assignments may be made by any systematic
procedure.

However, the author has found the procedure proposed by

Bartscht (8) to be quite satisfactory for most instances.

This pro-

cedure assigns weekends off mthin a sld.11 level by starting ld.th the
first weekend, .first person, and moving diagonally down and to the
right assigning one weekend off until each person in that skill level
has been assigned a weekend of.f .

Returning to the first person, count

three �ekend.s ahead until the next weekend off in the sequence � s
reached.

Assign this weekend off and continue dcnm and to the right as

before until each staff member has been assigned two weekends off.
Continue this procedure until all the weekends off have been assigned.
The staff-days for the most undesirable shift are assigned
next by dividing the per person requirements into some convenient
world.ng block, say four staff-days.

The length of the working block

is selected by considering the desires of the employees.

These

desires are usually expressed in the form of a range, such as four
to seven days.

The per person requirements are divided into blocks

of days which satis:t'ies their desires.

The assignment of this

biock of staff-days is dependent upon the number' of people available
to cover the shift and the weekend sequence.

This
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availability is most critical during the weekend since the weekend-off
sequence . is one of the restrictions of the scheduling procedure.

If

there are a limited number of staff. to cover a position on a weekend,
the block of staff-days should be assigned across a weekend as shown
in Figure 4.

If, however, there are enough staff to allow ending

this block on a Friday without a conflict on the preceding weekend
or a conflict on the following weekend for the person who starts the
block on Saturday, the blocks of staff-days should be assigned similar
to that shown in Figure

5 . Note the pattern established by the

assignments of the blocks of staff-days in both Figures 4

and

5.

Each staff member is working the same sequence which is offset from
the previqus member by one week.

This pattern should be maintained

as much as possible throughout the remainder of the scheduling
operation.
The assignments made in Figures 4 and 5 are made in the absence
of part time staff considerations.

If there were part time staff-days

available for this shift the number of staff-days required from the
full time personnel would obviously be reduced • . The particular
quantities involved in the reduction would be determined by the
adjusted Balance Sheet.

As more part time staff-days become available

for this shift it frees an equal number of full time staff-days for
other shifts.

However, the status of the skill level as determined

by the "Totals" table will determine the number of staff-days which
can be added to the skill level without over staffing.
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In some instances two or more part time staf'f will be able to
cover a position completely, thereby reducing the obligation of the
full time staff to zero.

This situation is exemplified in Figure 2

with the RN skill level on the evening shift.

This arrangement is

particularly helpful on the night and evening shif'ts since the part
time staff' are usually restricted to this shift by personal obliga
tions

am.

the full time staff consider these shifts undesirable.

Extensive use of part time personnel is subject to hospital policy
on continuity of care and information flow.
The staff members who have been scheduled in Figures 4

5

and

are RN's who, to this point, have been scheduled to £ill the "Night
Charge Nurse" position; the Position Control Chart for their sched
ules is sho"W'l'l on the lower portion of the respective figures.

Since

the row of blocks in the Position Control Chart is exactly filled in
both cases with no blanks and no extras, the scheduler is assured
that the "Night Charge Nurse" position has been filled by the schedule
with no excess and can then go on to the next most undesirable shif't,
namely, evenings.
The desired rotation schedule is from the day shift to the
evening shift to the night shift.

A day off between shift changes

is desirable but is not absolutely necessary since the shift change

.

provides for the required 16 hours between working periods.

The

evening shift is scheduled in the same manner as the night shift

with the blocks of' staff-days for all staff members assigned just
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prior to the night shift block.

When the evening staff-days have

been assigned, 1:,he remainder of the days off should be assigned along
with th� assignment of the staff-days on the days shift.
When the full time staff have been scheduled on all three shifts,
the part time staff should be listed in the space provided beneath
the respective full time skill levels on the schedule.

Assign the

part time staff-days to the existing holes in the Position Control
Chart on the proper shift and position for the skill level involved.
It should be emphasized at this point that the part time staff-days
are assigned where they are needed as per the Position Control Chart.
Under no circumstances should the f'ull time staff be made to conform
to the preset schedules of the part time staff.
Carrying this concept further, the personnel director can hire
staff for full time or part time work on the basis of an established
schedule on the unit desired.

The established schedule can be shown

to the applicant and its purposes and benefits explained.

If the

applicant cannot work herself' into the schedule for her preferred
unit she can be shown the schedule for an alternate unit.

This

procedure can be carried on until the applicant can match herself
up to an opening on one of her desired units.
The scheduling technique must allow for various deviations from
the normal working cycle caused by sickness, special requests, paid
holidays, and vacations.

Since sickness, special requests, and

JO
vacations are essentially random occurrences, these will be the
most difficult to cope with.

However, the effect of special

requests and vacations can be minimized by introducing some stringent
personnel policies in these areas.

The following paragraphs will

·discuss each deviation and provide some means of coping with each
problem.
Siclmess is truly the most random of all the deviations that
must be allowed for in the procedure.

An

accumulation of historical

data will provide the distribution of the number of staff-days missed
per week due to sickness.

This data can be converted to the equiva

lent ntnnber of full time staff required over and above the baseline
which was established in the hospital-wide position control discussed
in Chapter 2.
by unit

and

This additional sickness coverage can be broken down

the part time staff-days made available to cover the

sickness on a will-call basis.

If this is done, the staff member

and the institution should be in agreement with respect to the will
call status.

The second approach is to hire the sickness coverage

on a "float nurse" basis throughout the hospital.

This requires

those staff members hired for this purpose to float to any unit
on any shift in the event of sickness.

The float status requires

the staff member to be lmowledgeable in all areas and be able
to function in any of these areas when necessary.

It has been

suggested that these staff members be paid a premium for

31
the extra responsibility of this status.

If either of these methods

are used, the established. cycle schedule w.i.11 not be disrupted in
the event of sickness.
One of the benefits of an established cycle schedule of world.ng
hours is the advance knowledge of days off for the staff members.
Hopefully, this knowledge will enable the staff to plan their
personal lives around their worldng hours thus minimizing special
requests.

An e£fective position control and scheduling procedure

should provide a method of handling the requests generated by
emergency situations.

The industrial solution to this problem is

simply to let the person off through the use of - his allotted sick
time and vacation.

The area of concern works short handed for that

day with the intention of catching up when the full complement of
staff is again available.

In other words, the work can wait if

emergencies arise resulting in minimal sacrifice to the business
in general.

If the vacated position is vital and must be filled,

the industrial answer is to move someone from a non-operating
position (not vi�l) into the vital position on a temporary basis.
The hospital, however, can not solve the problem quite so easily.
When personal emergencies arise which result in a reduction of
available staff, the work load cannot be reduced and "taken care
of tomorrow when every one is back".

Since the quality of care

theoretically must be maintained each and evecy day, the staff who
are missing must be replaced in some manner.

Fortunately, the

special requests for emergencies are sparse and the number on any
one day for most_ units generally does not exceed one.
These special requests should be handled by the employee as
much as possible by attempting to arrange an exchange of days off
with another employe_e.

The exchange must comply with wage and hour

laws and meet with the approval of the area supervisor.

Infonnation

concerning the exchange must be passed to all concerned with the
staffing of an area.

If such an exchange is arranged, it will have

minimal effect on the schedule and vr.i.11 not constitute a change in
capital outlay for the area.
I£ the employee is not able to arrange an exchange, the request
should be brought to the scheduler who can make arrangements for
her to be replaced with an available part time staff-day which was
not originally scheduled.

This adjustment should be made for the

cycle in question only

should not become a permanent part of

and

the Master Cycle .Schedule in any way.
Special requests can also be granted by double shifting or by
using the industrial approach of operating with a staff shortage if
the patient census allows it without sacrifice of the quality of
care.
Special requests that have been granted by any means other than an
e�change of days off of' personnel who have been � scheduled will re sult
in extra expense to the institution.

If' the requestor is replaced

with a part time person who was not previously scheduled, extra
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cost is incurred because the full time requestor must be paid for a
designated number of hours in a pay period if the staff member quali
fies for the privilege um.er existing employment laws .

Granting

requests · by double shii"ting costs the institution in two ways, namely,
the cost of overtime and the cost of the drop in efficiency of the
double shifted staff member.

The industrial approach is undesirable

because the census may not be predictable.
Generally speaking, holiday coverage • is less than that required
on regular days of the week.

Since this is true, the scheduler can

reduce the worlci.ng force in the area on the holiday itself

am

give

those who must work that holiday the holiday off either prior to or
just after the holiday within the pay period.

Part time personnel

policies play a significant role in holiday coverage also.

It is

suggested that the part time staff assigned to each unit agree to
work every other holiday in addition to their regular· commitment.
This practice will ease the holiday coverage problem and also enable
both the part time and full time personnel to depend on certain holi
days off.

Since the unit should have extra staff-days available on a

will-call basis for siclmess, these staff-days can be called upon for
holiday coverage also .
Vacations are almost certain to disrupt the established cycle
schedule.

A vacation period irithout schedule disruption means

replacing a full time person for the vacation period without using
the remaining full time people.

Unless there is an abundance of

part time staff who are willing to work for a short period only,

some schedule disruption is inevitable.

However, there are a number

of traditional trends in the hospital business that offer some relief
to the situation.
An

analysis of the hospital census shows a cyclic effect with a

lower census during the summer months.

An

analysis of vacation pat

terns shows that the majority of the vacations are taken during this
same period.

The combination of these two effects suggests ·that the

requirements can be reduced du.ring this period thus allowing one or
two staff members to be on vacation during the summer months without
a significant sacrifice of patient care.

This, in turn, suggests the

need for two position control charts, one for September-to-May and one
for June-to-August.

The preceding remarks are undocumented and merely

reflect the opinion of the investigator.
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AN EXAMPLE OF THE TECHNIQUE
The technique which has been outlined in the previous chapters
has been used to a limited extent at the Sioux Valley Hospital in
Sioux Falls, South Dakota.

The most successful application has �een

in the pathology laboratory at Sioux Valley.

The laboratory applica

tion provides a simplified exampl� without sacrifice to the theory.
The requirements and conditions for t�e pathology laboratory
example were obtained from the laboratory supervisor and the path
ologist concerned with staffing the laboratory.

These requirements

anl conditions are as follows:
1.

The employment laws required that the te·chnicians be
pa.id for 80 hours of work in a two-week pay period with
a maximum of 8 hours of work in each 24 hour period.

2.

The night shift is covered by special request and need
not be considered in the working-hours schedule.

3. All technicians and supervisors are capable of working
in all areas of the laboratory.

4.

The techni.cians and supervisors are scheduled alike
except that the supervisors do not rotate to the evening
shift.

5. Supervisors fill a technician position when there are no
supervisory positions available.

6.

The weekend-off sequence for the technicians and supervisors

is no less than every third weekend off.

7. The day shift requirements are as follows:

Monday through Friday Saturday Sunday

a.

Supervisor

2

0

0

Technician

6

5

J

The evening shi:f't requires two technicians every day of
the week.

The schedule length is chosen as six weeks because of the
weekend off sequence and the employment law restrictions.

The

Balance Sheet is labeled with the schedule length, the unit title
and the skill levels applicable to each shift.

The SDR for each

skill level on each shi:rt can be calculated using the requirements
stated above and F.quation (1).
For the day shift:

SDR = L �niPi
i�

(1)

Technician SDR = 6 (5x6 + 5xl + Jxl) = 228
Supervisor SDR = 6 (5x2) = 6o
For the evening shift:
Technici_an SDR = 6 (7x2) = 84
These values are entered on the Unit staffing Balance Sheet in the
appropriate boxes as shown in Figure 6.
The personnel available in the laboratory consisted of ten full
time technicians, four full time supervisors and one part time
technician who worked three staff-days per week on the evening shift.
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The breakdown of the stdf-days for the full time personnel is
accomplished through the use of F4uation (4) .
On

(4)

the day shift:

(5 x 6/1) 4 = 120

Supervisor FTSDA

=

Technician FTSDA

=

(5 x 6/2) 10

=

(5 x 6/2)10 = 150

On the evening shi:f't:
Technician FTSDA.

=

150

Technician PTSDA. = J days/week x 6 weeks

=

18

The computed availability numbers are also entered in the Balance
Sheet in the appropriate boxes as shown in Figure 6.
The current status of each skill level on each shift can now be
computed using F,quation 4 and the results recorded in the "Current
status" column.

The "Current status" column is then added algebraic

ally to give a sum of +66 staff-days for the unit status.

This

number represents the number of 8 hour shifts in. excess of the
requirements for the period of · 6 weeks.

Using f4uation 6 the staff

days are converted to the number of equivalent full time people
giving:
f4uivalent Full Time Staff = Unit status
L X 5
= 66/ ( 5
=

X

(6)

6)

2. 2 people

The analysis to this point has shown that the number of staff
in the pathology laboratory could be reduced by two full time people
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leaving one sta.£f-day per week available to cover for sickness arrl
emergencies.

Corrective action should be obtained for this situation

prior to proceeding with the technique.

If the action taken is to

reduce the staff by two full time technicians the Balance Sheet would
be revised as shown in Figure 7.
The "Totals" table at the bottom of the Balance Sheet in Figure 7
is completed by adding across shifts in the upper portion of the
Balance Sheet.

For example, the total FTSDA for the technicians

is 120 + 120 + 42 = 282.

The total available technician staff-days is

obtained by adding across the full ti.me and pa.rt time available columns
in the "Totals" table giving 282 + 18 = 300 .

The remainder of the

skill levels are handled in the same manner until the total available
and total required staff-days have been obtained and entered appropri
ately in the table.

The grand totals are obtained by adding the

available and required columns giving 420 and 414 respectively.

The

difference between these numbers should agree with the unit status
obtained by the algebraic addition of the current status columns,
i. e.

+6.

Figure 7 shows an excess of technician staff-days on the

evening shift and a shortage in the same sld.11 level on the day
shift.

Therefore, since the day shi.ft is more desirable than the

evening shift and a shortage exists on the day shift we may move 48
staff-days from evenings to days leaving a current status on that
shift in that skill level of +6.

The excess for the unit is left
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here because the part time technician works on this shift thus
allowing the excess to be placed in the ''will call if needed"
category in case of sickness or emergencies.

Therefore, the part

time technician is scheduled for 12 staff-days of work every schedule
with the possibility of working as much as 18 per schedule if needed.
When the excess is handled in this manner, it does not place a
financial burden on the institution since they are not obligated to
pay the part time t�chnician for the 6 staff-days over the regular 12 scheduled unless they are used.

In

accordance with the conditions, the 60 staff-days in the

supervisor skill level on the day shirt may be moved down to fill
the vacancy in the technician skill level.

This move gives a current

status of zero in all sld.11 levels on all shifts except the techni
cian skill level on the evening shirt.

The Balance Sheet in its

final form is shown in Figure 8.
The first step in setting up a cycle schedule of the working
hours is the determination of how many staff-days are required from
each of the rotating full time staff for each shift.

The Balance

Sheet in Figure 8 shows that the rotating technicians are required
to spend 72 staff-days on the evening shirt during the schedule.
Since there are 8 technicians who rotate to the evening shift, the 72
staff-days requirement will require 72/8 = 9 �taff-days from each
technician.

Similarly, each technician will work 168 /8 = 21 staff

days on the day shift.

The supervisors will spend all their

staff-days on the day shift as noted previously.
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The Unit Master Cycle Schedule is set up with the preliminary
information as shown in Figure 9 by listing the personnel and the
positions required.

Sometimes it may be advantageous to list the

staff" and positions by number or some other code rather than by name.
This coding enables the manager of the area to take personal attri
butes or shortcomings into account when assigning a name to the
individual schedules in the master plan.

Also, since the individual

schedules may dif'fer slightly from each other, the assignment of the
schedules could be done on some priority basis which would be deter
mined by the unit manager.

Note that the preliminary infonnation on

the Master Schedule includes deletion of one technician position and
two supervisor positions on each Sunday.

These deletions occur on the

day shift only since the requirement on the everdng shift is constant
throughout the week.
The initial weekends-off are assigned as indicated in Chapter 3
(page 24) and as shown in Figure 10.

The reduced stai'fing require

ments in the laboratory on the weekends allow more weekend days o:ff
than the required every third.

Since the requirement changes from

Saturday to Sunday, these ''extra'' weekend days off are generally
assigned on Sundays.

It is suggested that the number of weekend days

off for each staff member be approximately equal.

Note that the

assignments in Figure 10 have given each staff member six weekend
days off.
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The number of evening staff-days required from each staff
member is divided into two blocks of arbitrary size.

In this

example,_ the block sizes were chosen to be four and five staff-days
in length.

Before the blocks are assigned to the schedule there

are a number of considerations worth mentioning.

First, it is

desirable to have a day off pri�r ·to the block of evening staffdays and necessary to have at least one day off when the block is
complete.

Secondly, all the weekend days off have been assigned;

therefore, the assignment of the block of evenings must not require
additional weekend days off.

In view of the first consideration, it

seems reasonable to place the block of five evenings just prior to
a weekend off. � However, since all of the weeker.rls off have been
assigned, any days off prior to the block of evenings would have
to occur in the previous week.

This type of assignment results in

at least a seven day work stretch, i. e. from Saturday through Friday,
am also requires changing shifts w.i. thout a day off on Monday if
the four · day block is used.

Another disadvantage of this type of

assignment is th�t it leaves the staff member w.i.th three days off
during the first week

and

one day off during the second week.

It

has been found that this unbalanced days off arrangement tends to
unbalance the entire schedule.

A final disadvantage of this type

of assignment is that it requires all of the part time staff-days
on the weekends since the full time staff are coming off the evening
shift on Friday nieht and the next full time staff member does not
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start on thi s shift until Monday or Tuesday depending upon the
length of the evening block.

Therefore, the blocks of evenings

should be assigned across the weekends as shown in Figure 11.

Note

the pattern established by the evening assignments.
Ideally, the part time staff-days should be di stributed at the
rate of two per week or four in two weeks.

The adjustments to

attain even distribution of part time staff-days are made by shifting
the full time evening blocks by one or two days.
The remainder of the schedule is filled out
off and staff-days on the day shift concurrently.

by

assigning days

The schedule is

divided into three two-week intervals and the assignments are made
'Within this two week period until complete before moving to the
next interval.

The general procedure f'or scheduling a two-week

period is given as follows:
1.

Since all the weekend days off' and evening s have been
assigned, those staff-days remaining unassigned are
assigned to the day shift and the Position Control Chart
marked accordingly.

2.

The time off within the two-week block is restricted in
two ways:
a.

Each staff' member must have exactly four days off.

b.

The weekday requirement is ten staff-days per day,
thereby restricting the scheduler to two staff members
off on any one day except where part time staff-days
are used.
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3.

Therefore, whenever the number of X's ( days off) in the
rows or columns meet the restrictions noted in 2. , the
remaining unassigned staff-days in the. row or column are

immediately assigned to the day shift and marked in the
Position Control Chart.
4.

Since the block of evening staff-days must be followed
by a day off, assign this day off after each block of
evening staff-days.

5.

Assign a Friday or Thursday to each supervisor following
their weekend off.

This assignment will prevent excessively

long stretches for the supervisors in the final schedule.
6.

Assign a day off prior to the evening block for each
technician.

The first two week schedule completed to this point is shown
in Fi�e 12.

7.

Continue assigning days off, using the most logical
assignments first; i. e. , when a choice is possible, give
two days off after evenings and try to avoid assigning a
single staff-day between two days off.

8.

As the schedule fills up , it may be necessary to manipulate
days off between staff to avoid undesirable working hours
on one or two staff members.

The completed schedule for the two-week interval is shown in
Figure lJ.
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When a two-week interval has been scheduled satis£actorily,
move on to the next interval and repeat the above procedure .

The

second two-week .interval should find many- of the individual schedules
_ repeated . due to the systematic pattern of the evening assignments.
The completed Cycle Schedule and Position Control Chart are
shown in Figure 14.
A number of feasible arrangements are possible in the final
schedule since the scheduler is free to choose some of the days-off
assignments.
The completed schedule will be known from this point as the
baseline schedule with the baseline stai'f because there is no pro
vision made for sickness, vacations, etc.

The scheduler still has

six staff-days of part time technician help to cover for sickness
and emergencies.
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CONCLUSION S
The development of the position control technique was
successful through the use of the Unit Staffing Balance Sheet.

A

· reporting system was set up between the scheduler and the personnel
director to report any change of status of any staff member on any
A brief explanation and sample forms can be found in the

unit.

appendix.

Status changes are reported bi-weekly since the two week

pay period is in effect.

The personnel director has , through the

information provided by the Balance Sheet, the total number of staff
days available and required for each skill level on each unit.

He

has also been provided with a graph of staff-days vs time for each
- sld.11 level for the cumulative totals for all units.

The relative

position of the staff-day requirements vs staff-day availability is
set initially by the Balance Sheet and then maintained by the status
change reporting system mentioned above.
The cycle scheduling procedure has been successfully implemented
in the pathology laboratory as-cited in the text but has not been
installed on a nursing unit.

The trials on the nursing units have

been hampered by the large amount of variability in the staff avail
able and in special requests.

The concept of a request book as

cited by Eng (6) has been implemented on all nursing units and has
been successful in reducing the number of requests of the full time
people.

The institution has taken steps to restrict the conditions

set by the part time staff thus enabling a cycle schedule to be set
up on a unit and requiring the part time staff to work according to
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the requirements of this schedule.

It is hoped that the cycle

schedule and unit position control can be implemented with success
on the nursing units in the very near future.
The cycle schedule and position control procedure described
herein has one major drawback; that of the inability to allow for
vacations and extended illness without disrupting the entire schedule.
It is recommended by the investigator that this problem be the
subject of .further research.
Another area of .further research is that of establishing the
daily requirements.
It is believed by the author that the project has been successf'ul
, in a number of ways.

The Balance Sheet has provided a mathematical

baseline and current status to a previously fluid and nebulous situa
tion.

Everyone concerned with the problem of staffing , hours

scheduling, coverage , and position control can now refer to a single
number and determine decisive action from there.

The scheduler can

make up the hours for the next - cycle in a fraction of the previous
time from the Master Schedule of the unit.

Slight revisions for

holidays can be made rather quickly with the Position Control Chart
as a guide.

The staff involved in the cycle schedule have appreciated

!mowing when they w.:i.11 be off as far as six weeks in advance and thus
have been able to schedule their personal lives around their working
hours to further minimize requests.

The Balance Sheet has also found use in the business office.
The construction of the yearly budget for nursing service was made

by extending the schedule length to 52 weeks and determining the
number of staff-days required to fill a position for the year.

This number was then multiplied by the cost per staff-day to give
the yearly cost for the baseline coverage for that position.

The

extra replacement cost for sickness, holidays, etc. was added to
this figure to obtain the yearly nursing budget.
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Total Staff-day requirement within a skill level

Week of the Year
Figure 1A.

Per sonnel Manager's Position Control Chart
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PRELIMINARY INFORMATION FORM
Date ______

Unit _______

Weekend off sequence applicable ________
.Length of pay period __________
Length of schedule __________
Number of staff-days per full time staff per pay period ______
Number of staff-days per full time staff per schedule _______
Full time staff information
NA.MR

T.'RVF.T

ROTATING SHIFTS
D-E-N D-N D-E F-N

Part time staff information

NAME

SilLL
LEVEL

SHIFT

NUMBER OF
STAFF-DAYS
PF.R P11

I'{

I U1J

STRAIGHT
SHIFTS
D E N

,-:t-11viivi H

I :1 1 1v11v1 11 n11·:-i

t\lTS
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POSITION NAME

SKILL
LEVEL

'RRO ' D

DAY

SHIFT

-

OTHER INFORMATION AND NOTES:

EVENING
SHTFT

NIGHT
SHT"Fi'T
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LIST OF INSTRUCTIONS FOR THE SCHEDULER
The scheduling and position control procedure necessitates

I.

obtaining the following information which will provide the
restrictions for the procedure.

A suggested form for recording

this information is found on the following pages.

A. The applicable employment laws concerning the number of
hours worked in each 24 hour period and the number of
hours that must be available for each full time staff
member each pay period.
B.

The desired length of the working period between days
off (Expressed as a range) .

C.

The requirements of the area with respect to shift and
skill level.

D.

The weekend-off sequence for each skill level.

E.

The names and number of positions that must be filled
each day.

F.

A list of the personnel which includes:
1.

The .skill level.

2.

Whether rotating or straight shift.
a.

3.

If straight shift, which shift ?

Full time or part time.
a.

If part time, how many staff-days working
per schedule ?

G.

Maximum time rotating staff on undesireable shifts.
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II.

Balance Sheet Instructions
A.

List the skill levels involved on each shift along the
_ left-hand column under the heading "Skill Level'' •

B.

Record the schedule length in weeks and the unit name
in the spaces provided.

C.

If the daily requireme�t changes from day to day, go
to instruction D.

If it does not change from day to day,

calculate the number of staff-day s required per schedule
by using the formula:
SDR/schedule = 7PL
Where:

P = number of staff of that skill level
required for that shift each day.
L = length of the schedule in weeks.

Proceed to instruction E.
D.

The number of staff-days required/schedule is calculated
by adding the number required for each day of the week
and multiplying this sum by the schedule length, L.

E.

If there are straight shift, full time staff, go to
instruction F.

If there are no straight shilt, full time

staff, calculate the number of full time staff-days availa
ble within each shift and each skill level by using the
formula:
FTSDA = 5Ln/Ri
Where:

L = length of schedule in weeks.
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n = number of people who could work on
each shift if required to do so.
Rj_ = number of shifts the ith staff member
rotates to.
Enter these numbers on the appropriate column of the
Balance Sheet and go to instruction G.
F.

I.f there are straight shif"t, full time staff, the staff-days
available per shift per skill level per schedule is calcu
lated by using the formula in instruction E twice on the
shi.ft that the straight shift person is working, once for
the rotating staff and once for the straight shift person.
The number entered on the Balance Sheet is the sum of these
two computations.

G.

The part time staff-days available (PTSDA) in each skill
level within each shift is obtained by summing the number
of staff-days contributed by each part-time staff member
Enter these numbers in the appropriate

on each shift.

blocks on the Balance Sheet.
H.

Take each skill level within each shift and add the FTSDA
and the PTSDA

and

subtract the SDR from that total.

Record

the result of this calculation, including sign, in the
''Current status" box.
I.

The "Unit status" is the algebraic sum of the "Current
status" column.
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J.

Determine the total FTSDA and the total PTSDA values by
adding . the appropriate columns within each skill level
and across shifts.

Enter these values in the appropriate

blocks in the "Totals" table.
K.

Sum the total FTSDA with the total PTSDA within each sld.11
level and record this figure in the "Total Available" box
in the "Totals" table.

L.

The "Total Available" for each skill level is summed to
obtain the "Grand Total Available".

M.

The "Total Required" column values are obtained within
each skill level by adding the SDR values across the
shifts.

These values are then summed to give the "Grand

Total Required".
N.

The "status" of each skill level without regard to shift
is obtained by subtracting the "Total Required" from the
"Total Available" in each skill level.

O.

The "Unit status" can be obtained from the algebraic sum
of these values and should agree with the ''Unit status"
obtained in instruction I.

P.

If the "Current status" of a skill level is a positive
number it may b� possible to move these staff-days to
more desirable shifts if deficits exist on these shifts.
Look for positive "Current status" numbers on the night
shift first since this is the most undesirable shift to

the rotating personnel.

If an excess exists on the night

shif't it may be moved to the evening shi:rt by subtracting
the "Current status" on the night shift from the FTSDA on
that shift and adding this "Current status" to that skill
level FTSDA on the evening shift.

The "Current status" is

now zero on the night shift and has increased on the evening
shirt.
Q.

Continue the above process for each skill level until all
the excess is on the day shift.

R.

All the excess and deficits should be pointed out to
management and should be resolved prior to proceeding

s.

beyond this point.
When all the excess has been eliminated or justified, the
PTSDA are subtracted from the SDR on each of the undesirable
shifts.

T.

Subtract the· staff-day contribution for each of the full
time straight shift staff from the requirements on their
respective shifts.

U.

Divide the remaining requirement equally among the rotating
full time staff.

This value serves as one form of input

to the hours schedule.
II±.

Scheduling Instructions
A.

Fill in the preliminary information on the Unit Maste r

Cycle Schedule by listing the staff and positions in the

appropriate blanks.

List the staff by symbol rather than
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name to allow for more effective matching of the staff
with t�e individual working schedules.
B.

Assign the weekends off in some systematic manner.

start

with the first staff member on the first weekend and move
diagonally down and to the right assigning weekends off
until all the staff have been assigned one weekend off.
Return to the first staff member and count ahead as per
the weekend-off sequence and repeat the procedure until
all the weekends off have been assigned.
C.

If the requirements change from day to day during the
week, place an X in the Position Control Chart at the
intersection of the positions and days which do not have
to be filled .

This will prevent assigning a staff-day

where no position exists .
D.

Assign the full time straight shift staff first.

E.

As each staff-day is assigned, make an appropriate mark in
the Position Control Chart at the intersection of the
position filled by the staff-day scheduled and the day of
the schedule.

F.

Assign the most undesirable shift by dividing the input
requirements as determined in instruction II. U . ( Balance
Sheet) by some number to give a convenient working block
of staff-days .

G.

When the assigrnnents for the full time personnel have been
made in some systematic manner on the most "undesirable"

69
shift, adjust the blocks of staff-days by one or two days
as necessary to distribute the part time staff-days through
out the schedule.

For example, if the part time requirement

on the shift is three/week adjust the full time blocks to
use three part time staff-days each week.
H.

Assign the next most "µndesirable 11 shift in the same
manner by placing the blocks of �hese shifts just prior
to the most "undesirable" shift w.i.th a day off between
blocks.

Adjust these blocks to distribute the part time

staff-days as explained above.

I. Assign a day off after each block of the most "undesirable"
shift.

J.

Divide the length of the schedule into periods of two
weeks.

K�

Determine the number of full time staff that can be off
on any one day by counting the number of positions required
for the day and subtracting it from the total number of
people available.

L.

Determine the number of days off' in each two week period

M.

Instructions K. and L. have set the boundary conditions

for each staff member (generally four).

for the scheduling operation within each two week interval.
As the days off are assigned the scheduler should check each
of these limitations.

When four days off have been assigned
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in one horizontal row, the remaining days are immediately
assig�ed to the day shift and the Position Control Chart
marked accordingly.
N.

Similarly, when the limitation has been reached in the
vertical column, the remaining unassigned days in that
column are innnediately assigned to the day shift.

Mark

the Position Control Chart appropriately as these
assignments are made.
O.

Make assignments in this manner until the two week interval
has been completed before moving on to the next two week
interval.

The orderly arrangement of. the blocks of

undesirable shifts should enable you to use some working
hour arrangements in the second interval which vrere developed
in the first interval.

